The interaction of an epoxide with yeast alcohol dehydrogenase: evidence for binding and the modification of two active site cysteines by styrene oxide.
Yeast alcohol dehydrogenase is inactivated and alkylated by styrene oxide in a single exponential kinetic process. The concentration dependence of half-times for inactivation indicates the formation of an enzyme inhibitor complex, KI = 2.5 times 10(-2) M at pH 8.0. Reduced nicotinamide adenine dinucleotide (NADH), at a concentration of 3 times 10(-4) M where Kd congruent to 1 times 10(-5) M, has a small effect on kinetic parameters for inactivation. Although benzyl alcohol and acetamide-NADH increase the KI for styrene oxide in a manner consistent with their dissociation constants, substrate also increases the rate of inactivation at high styrene oxide concentrations. The reciprocal of half-times for inactivation, extrapolated to infinite styrene oxide concentration, increases with pH between 7.6 and 9.0, pK congruent to 8.5. The stoichiometry of alkylation by [3H]styrene oxide is 2.2 mol of reagent incorporated/mol of subunit, and is accompanied by the loss of 1.9 mol of sulfhydryl/mol of subunit; prior alkylation with iodoacetamide reduces the stoichiometry to 0.88:1, and increases the rate of labeling. Tryptic digests of enzyme modified with [14C]iodoacetamide or [3H]styrene oxide produce two major peptides which cochromatograph, indicating that styrene oxide and iodoacetamide modify the same cysteine residues. Previous investigators have reported that iodoacetate, iodoacetamide, and butyl isocyanate alkylate either of two reactive cysteines of yeast alcohol dehydrogenase; both cysteines cannot be modified simultaneously [Belke et al. (1974), Biochemistry 13, 3418]. The inactivation of enzyme by p-chloromercuribenzoate (PCMB) is reported here to be accompanied by the incorporation of 2.3 mol of PCMB/mol of enzyme subunits, in analogy with styrene oxide; the planarity of the alkylating agent appears to be an important factor in determining the stoichiometry of labeling.